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Mo´nica Ferna´ndez-Sierra, Chandler H. Fountain, Laura Finzi,
David D. Dunlap.
Emory University, Atlanta, GA, USA.
Type II topoisomerases maintain DNA topology by regulating the level of
supercoiling of chromosomes. DNA gyrase is a unique and highly conserved
bacterial Type II topoisomerase which is able to introduce negative supercoils
into the genome. Using magnetic-tweezers, we assessed the supercoil genera-
tion and relaxation activities of Escherichia coli and Salmonella typhimurium
DNA gyrases. Our results indicate that under single-enzyme conditions and
0.6-pN tension, both enzymes relax DNA at similar rates, but Salmonella gyr-
ase pauses more often. At high enzyme concentration and lower tensions,
Salmonella gyrase introduced negative supercoils faster and to a larger extent
than E. coli gyrase. Sequence and structure analyses show that most of the dif-
ferences between the two enzymes are in
the C-terminal domain, involved in DNA
wrapping. Our ongoing single-molecule
experiments to assess the DNA wrapping
activities of both enzymes may reveal dif-
ferences in their mechanistic properties.843-Pos Board B612
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Single B-form DNA molecules undergo a cooperative overstretching transition
at force Fov to a ~1.7-fold longer form when stretched. The nature of over-
stretched DNA has been debated for over 10 years. Either peeled (PL DNA),
internally melted (M DNA), or unwound double-helical (S DNA) forms of
overstretched DNA have been suggested. Here we characterize the kinetics
of the overstretching transition in polymeric torsionally unconstrained double
stranded (ds) DNA molecules. We pull ~50 Kbp lDNA molecules using op-
tical tweezers with rates n ~10 nm/s to 5.104 nm/s, (net over-stretching time
between 0.2 and 10^3 s). We show that the rate dependence of Fov(n,
[Naþ]), measured over a broad range of solution ionic strength [Naþ] =5-
250 mM suggests the existence of all three forms of the overstretched DNA.
Thus, at [Naþ]> 50 mM and n>>1s), internal melting dominates l-DNA over-
stretching. This B to M transition is highly cooperative (involves ~100 bp), and
slow (has an on/off time ~1000s at the transition midpoint force). Faster pulling
on a time scale%1 s leads to B DNA overstretching into S DNA. The B to S
transition is much less cooperative (involves ~10 bp) and much faster (on/off
time ~1s at the transition midpoint) than the B to M transition. In contrast, in
lower salt ([Naþ]<50mM) the overstretching transition observed on a longer
time scale (>>1s) leads to DNA peeling. However, on the faster time scale
of 0.2-1 s, even in low salt, the DNA overstretches into S DNA, as peeling be-
comes kinetically prohibited. Our conclusions are supported by several inde-
pendent lines of evidence, including the salt and rate dependence of both the
slope of the overstretched DNA force-extension curve and the value of the sec-
ond transition force (from M or PL DNA into S DNA).
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Mixed-sequence DNA molecules undergo mechanical overstretching by ap-
proximately 70% at 60-70 pN. Since its initial discovery, a debate has arisen
as to whether the molecule adopts a new longer base-paired form or simply de-
natures under the applied tension. Here, we resolve this controversy by using
optical tweezers to extend small 60-64 bp single DNA duplex molecules whose
base content can be designed at will. The potential occurence of strand separa-
tion is investigated by using site specific inter-strand linkers and by exposing
the oligonucleotides to glyoxal during stretching. Our results show that when
AT content is high (70%), a force-induced denaturation of the DNA helix en-
sues at 62 pN that is accompanied by an extension of the molecule of approx-
imately 70%. By contrast, GC-rich sequences (60% GC) are found to undergo
a reversible overstretching transition into a distinct form that is characterizedby a 51% extension and that remains base-paired. For the first time, results
proving the existence of a stretched base-paired form of DNA can be presented.
The extension observed in the reversible transition coincides with that pro-
duced on DNA by binding of bacterial RecA and human Rad51, pointing to
its possible relevance in homologous recombination.
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It has long been known that the commonly used fluorescent dye YOYO-1
(YOYO) stains DNA unevenly at sub-stoichiometric concentrations, and that
equilibration is slow. We use this uneven staining to increase the resolution
in measurements on how YOYO affects the properties of DNA confined in
nanofluidic channels. The emission intensity from each DNA-YOYO complex
correlates directly with the amount of YOYO bound. We can thus, in one single
experiment, study DNA-YOYOmolecules ranging from fully saturated to mol-
ecules with a low degree of YOYO bound. Interestingly we find that the exten-
sion of the DNA does not increase linearly with increasing amount of YOYO
bound. Our data instead suggests that there are two different phases with differ-
ent behavior. We explain this as being due to a transition from a region where
intramolecular electrostatics dominates to where also the charges on the chan-
nel walls become important.
Our observations are of importance not only for YOYO but are general for cat-
ionic ligands that bind to DNA by intercalation and the nanochannels are excel-
lently suited for probing such subtle changes in the physics of the DNA-ligand
complex.
Finally we show how a mix of YOYO and netropsin, a DNA-binding molecule
with extreme selectivity for AT-DNA, can be used to map DNA sequences.
When adding the two molecules to DNA simultaneously and stretching it in
the nanochannel we obtain an emission intensity variation along the DNA
that corresponds to the underlying AT/GC ratio. The intensity variation corre-
lates well with the known sequence and we believe that such maps can be useful
for example for fast identification of bacterial infections from extremely small
sample volumes.
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The transition path time for a folding reaction describes the time spent during
the structural transition itself. In terms of the standard picture of folding as
diffusion over a configurational free-energy landscape, it is the time required
to cross over the barrier. Transition times are very brief and hence challeng-
ing to measure directly, but they may also be found indirectly from the shape
of the landscape. We investigated the transition time for various nucleic acids
and proteins by reconstructing the folding energy landscape profiles from
high-resolution single-molecule force spectroscopy measurements using
optical tweezers. Studying DNA hairpins, we first showed that landscapes
reconstructed from the inverse Boltzmann transform of the extension proba-
bility distribution could be used to determine the diffusion constant for bar-
rier crossing, D, via Kramers theory and the observed folding rates, before
finding the transition time, ttp. We next showed that the same results could
be found from a landscape parameterization obtained by fitting the distribu-
tion of unfolding forces, and applied this method to estimate ttp for several
RNA pseudoknots and a riboswitch aptamer. Finally, we estimated ttp in
the protein PrP both from the energy landscape reconstructed by the
Hummer-Szabo formalism and from the landscape parameterization
using unfolding force distributions. All the molecules had ttp on the order
of 1-10 ms.
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The Mechanical Properties of Fibrin Fibers
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In normal hemostasis, blood clots form to prevent the loss of blood. Blood clots
also play a central role in many diseases, such as heart attacks, strokes and emb-
olisms. In both normal hemostasis and disease, blood clots block the flow of
blood, which is essentially a mechanical task.
